Objective: This prospective randomized study aimed to evaluate the effect of IV lidocaine infusion or gabapentin and their combination in providing efficient analgesia after thyroid surgery. Methods: Eighty-eight patients scheduled for thyroidectomy were randomized into four equal groups (n = 22).
Introduction
Thyroidectomy is a widely applied surgical procedure for management of thyroid diseases. Many patients may complain of moderate to severe postoperative pain following thyroid surgery particularly during the first postoperative day due to various causes including skin incision, extensive tissue dissection, pharyngolaryngeal discomfort after intubation, neck hyperextension, surgical manipulation and inflammation [1] [2] .
Surgical manipulations and inadequate pain control can also induce perioperative complex stress response with neurohumoral, metabolic and immunological changes that may be manifested as an increase in heart rate and blood pressure, hyperglycemia and release of different cytokines [3] .
Different techniques or medications including local anesthetics infiltration,
non-steroidal anti-inflammatory drugs (NSAID) or opioids have been used for postoperative analgesia. Although (NSAID) may be beneficial analgesics, many surgeons do not prefer them in thyroidectomy patients to limit the risk of postoperative bleeding [4] [5] . On the other hand, opioids have been associated with some adverse events as respiratory depression and frequent postoperative nausea and vomiting [6] [7] . So it was necessary to find safe analgesic techniques for these patients by using either different adjuvant therapies or multimodal analgesia by combining different drugs and techniques with different modes of action to improve the quality of postoperative analgesia and to decrease the doses of systemic opioids and their related side effects [8] [9] .
Lidocaine is a local anesthetic drug that produces an analgesic and antihyperalgesic effects by modifying the response of neurons in the dorsal horn to noxious stimuli, and it has an anti-inflammatory effect by inhibiting migration and metabolic activation of leukocytes [10] . Lidocaine can provide these effects through various mechanisms as sodium channel blocking and inhibition of both G protein and NMDA receptors [11] [12] . Many previous studies evaluated the analgesic effect of perioperative IV lidocaine and they concluded that it has postoperative safe analgesic effect when infused at low doses [13] [14] [15] . Other studies suggested that lidocaine can also attenuate surgical stress response through its anti-inflammatory effect [16] . However, the definite mechanism of postoperative analgesic and opioid-sparing effect of intravenous lidocaine is not yet clear, it is considered as more antihyperalgesic than as a direct analgesic [10] .
Gabapentin (1-aminomethyl cyclohexane acetic acid) is related to the neurotransmitter gamma-amino butyric acid (GABA), its analgesic effect is mediated [17] . It was mainly used as an anticonvulsant drug, but it has been detected to be effective in diabetic neuropathy, neuropathic pain, and postherpetic neuralgia [17] [18] [19] .
Gabapentin may reduce or prevent acute nociceptive and inflammatory pain especially if given 1 -2 hours preoperatively. A Previous study had shown synergism between gabapentin and morphine for postoperative analgesia [20] . Some previous meta-analysis reviews stated that gabapentin was an effective adjunct for treatment of the postoperative pain in various procedures and it can be used in multimodal analgesia planes. [21] [22].
The hypothesis of the present study was that the combination of IV lidocaine and oral gabapentin-due to their antihyperalgesic and analgesic effects-would be more effective inreducing postoperative analgesic consumption and providing prolonged postoperative analgesia after thyroid surgery.
The aim of this prospective randomized comparative controlled study was to evaluate and compare the analgesic effects of IV lidocaine infusion or preoperative oral gabapentin and the combination of both drugs in patients undergoing thyroid surgery. The primary outcome was the evaluation of postoperative tramadol consumption and time of the first analgesic request. The secondary outcome was the intraoperative fentanyl consumption, assessment of postoperative pain scores, and evaluation of the effects of these drugs on postoperative nausea and vomiting, sedation and other side effects.
Patients and Methods
Eighty-eight patients aged 20 -60 years of American Society of Anesthesiologists classification (ASA) grade I or II scheduled for elective thyroidectomy were enrolled in this study after taking approval from the Ethics Committee of anesthesia department of Kasr El Aini hospital and obtaining a written informed consent from all patients. This study was prospective comparative randomized, double-blind and controlled study, and it was conducted from April 2015 until
April 2016 at ENT operating theater of Cairo University hospitals.
Exclusion criteria were: cardiovascular dysfunction, impaired kidney or liver function, uncontrolled diabetes, pregnancy, previous treatment with calciumchannel blockers, anti-arrhythmic drug intake, psychiatric disorders, epilepsy, steroid treatment, or chronic treatment with opioids and sensitivity to the administered drugs. Patients who refused to participate in the study or unable to cooperate were also excluded.
All Patients were randomized into four equal groups according to computer-provided random numbers which were put in opaque sealed envelopes. The four groups were equally distributed (n = 22 per group) as the following:
• Group P (placebo): patients ingested placebo capsules 1 h before the operation and received IV saline bolus (10ml) immediately before induction of anesthesia followed by saline infusion which continued intraoperatively until skin closure. and received IV bolus injection of 1.0 mg/kg lidocaine (Xylocaine 2%; AstraZeneca, 600 Capability Green, Luton, LU1 3LU, UK) diluted by normal saline to a 10 ml volume immediately before induction of anesthesia, then a continuous infusion with a syringe pump at a rate of 2 mg/kg/h during the operation until skin closure.
• Group G (gabapentin): patients ingested 600 mg gabapentin capsules (Neurontin; Pfizer, Cairo, Egypt) 1 h before surgery, and received saline bolus (10 ml) immediately before induction of anesthesia followed by saline infusion intraoperatively (the same volume as lidocaine infusion in group L) through identical syringe pump until skin closure.
• Group L G (lidocaine + gabapentin): patients ingested 600 mg gabapentin capsules 1 h before surgery, and received IV bolus of 1.0 mg/kg lidocaine immediately before the induction of anesthesia followed by intraoperative lidocaine infusion with an identical syringe pump at a rate of 2 mg/kg/h intraoperatively until skin closure.
The infusion drugs were prepared by an anesthesiologist who has no further role in the study, the doses of administered IV drugs were calculated according to the patient's body weight and they were supplied as two syringes labeled respectively as: -(Bolus) syringes and (Infusion) syringes.
The surgical team, the patients, the anesthesiologists, and the investigators responsible for collecting intraoperative and postoperative recorded data did not know about the groups' allocation.
Routine preoperative evaluations and assessment of patients were done one day before surgery, also patients were told about using the visual analog score of pain (VAS; 0 = no pain and 10 = worst pain imaginable).
Anesthesia Protocol
On the morning of surgery the patients were shifted to the preparation room and IV cannula was inserted. 1 hour preoperatively patients in groups G and LG received oral gabapentin capsules 600 mg, while patients in groups P and L received oral placebo capsules. In the operating room routine monitoring (electrocardiogram, pulse oximetry, and noninvasive blood pressure) were applied with recording of baseline HR, (MAP) and arterial oxygen saturation (SpO2).
Immediately before induction of anesthesia the patients in (P) and (G) groups received 10 ml of normal saline followed by IV saline infusion until skin closure according to the study design, while patients in group (L) and (LG) received bolus dose of IV lidocaine (of 1.0 mg/kg) followed by IV lidocaine infusion (2 mg/kg/h) intraoperatively until closure of the skin.
Induction of anesthesia started with of intravenous fentanyl 1.5 μg/kg, propofol 2 mg/k, then atracurium 0.5 mg/kg was used to facilitate intubation with the appropriate size cuffed endotracheal tube (ETT), anesthesia was maintained with Sevoflurane 1.5% -2% in 50% oxygen and air mixture, and top-up doses of After skin closure, sevoflurane was discontinued and all infusions were terminated, then reversal of muscle relaxation was achieved by IV neostigmine (0.05 mg/kg) with atropine (0.02 mg/kg). All Patients were extubated after pharyngeal suctioning and recovery of adequate spontaneous ventilation.
Intraoperative data as hemodynamic parameters, total fentanyl consumption, duration of surgery and extubation time were recorded.
After recovery, all patients were transmitted to the post anesthesia care unit (PACU) and they were observed and monitored for (blood pressure, HR, respiration, and oxygen saturation).
An independent observer assessed postoperative pain by using the visual analog scale (VAS; 0 "no pain" and 10 "worst pain imaginable") at different assessment times (on arriving the PACU which was recorded as the (0 hours) then at 2, 6, 12, 18, and 24 hours after surgery). Postoperative analgesia was provided by tramadol 1 mg/kg which was given over 2 -5 minutes intravenously when the VAS score exceeded or equal 4 (VAS ≥ 4),with the recording of the total amount of IV tramadol given in the postoperative 24 hours and recording the time to the first postoperative analgesic request.
Sedation level was assessed and scored at the same times of assessment of VAS of pain. Scoring was as follows: 1 = awake and alert; 2 = awake but drowsy, responding to verbal stimulus; 3 = drowsy but arousable, responding to physical stimulus, and 4 = unarousable, do not respod to physical stimulus.
Postoperatively, patients were also observed to detect the incidence of side effects, such as nausea, vomiting (two or more episodes of vomiting were treated with intravenous ondansetron 4 mg), respiratory depression, dizziness, dry mouth restlessness and signs of systemic toxicity of lidocaine such as perioral numbness, drowsiness, lightheadedness and metallic taste were also checked.
Outcomes and assessment:
• The primary outcome measure was total postoperative analgesic (tramadol) consumption and time of the first request for postoperative analgesic. • Postoperative sedation level.
• Side effects; nausea and vomiting, dizziness, headache and respiratory depression.
Sample Size
According to previous studies [23] [24] , it was found that the minimum optimum sample size should be (19) patients in each group to detect a significant difference of more than 20% in postoperative opioid consumption with using a power of 80% and a significance level of 5%. Considering anticipated dropouts, the sample size was increased to 22 patients per group. Sample size calculation was made by using G * Power software version 3.1.2 for MS Windows, Franz Faul, Kiel University, Germany.
The Statistical Analysis
The computer program SPSS (Statistical Package for the Social Science; SPSS Inc, Chicago, IL, USA) version 22 was used for statistical analysis Data were statistically described in terms of mean ± standard deviation (±SD), or frequencies (number of cases) and percentages when appropriate. one-way analysis of variance (ANOVA) test was used for comparison between the four study groups, and Mann Whitney U test for independent samples for comparing not-normal data. Bonferroni correction for multiple comparisons was applied in all comparisons. Categorical data were compared by using Chi-square (χ 2 ) test, while Exact test was used instead if the expected frequency is less than 5. p values less than 0.05 was considered statistically significant.
Results
Eighty-eight patients undergoing thyroid surgery under general anesthesia completed this study, patients were divided into four equal groups (22 patients in each group). Details of allocation, randomization, follow up and the final number of patients analyzed in the study are represented in Figure 1 .
No statistically significant difference was detected between all groups regarding the age, gender, ASA status, the weight, duration of surgery and extubation time (Table 1) .
There was a significant decrease in intraoperative fentanyl requirement in the combination group (LG) if compared to the placebo (P) group, lidocaine (L) group and (G) group (p < 0.001). Also, the intraoperative fentanyl consumption was significantly lower in both lidocaine group (L) and gabapentin (G) group when compared to placebo group (P) (p < 0.001). No significant difference between (L) and (G) groups when compared to each other (Table 1 ). Intraoperative HR and MAP of the placebo (P) group were significantly higher than the other 3 groups after intubation and after 15 min with p value (0.001 and p < 0.001) respectively for HR, and p < 0.001 after intubation and after 15 min for MAP, but no statistically significant difference was found among the groups at other times ( Table 2, Table 3 ). There was no serious bradycardia or hypotension in the four groups. Data are represented as mean ± SD; (P) group = Placebo group, (L) group = Lidocaine group, (G) group = Gabapentin group, (LG) group = Lidocaine-Gabapentin group; a: significant difference compared to group L (p < 0.001); b: significant difference compared to group G (p < 0.001); c: significant difference compared to group LG (p < 0.001). Open Journal of Anesthesiology
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The average total postoperative tramadol consumption for group (P), (L), (G) and (LG) was (256 ± 44 vs 155 ± 38 vs 148 ± 31 vs 120 ± 15 mg) respectively (p < 0.001) with the lowest value in the combination group (LG) which was statistically lower when compared to (P), (L) and (G) groups (p < 0.001), Also, both (L) and (G) groups had statistically lower values when compared to (P) group (p < 0.001) ( Table 4) .
Regarding the average time of the first postoperative analgesic requirement for group (P), (L), (G) and (LG) it was (47.5 ± 30.7 vs 117.5 ± 27.6 vs 189.5 ± 33.8 vs 208.6 ± 39.7 min) respectively (p < 0.001). The time of the first request of analgesic was significantly prolonged in the combination group (LG) compared to (P) and (L) groups (p < 0.001). Also, there was significantly longer time of the first request of analgesics in both (L) and (G) groups than placebo (P) group (p < 0.001). and prolonged time in(G) group compared to (L) group (p < 0.001) (Table 4 ).
Regarding the VAS; the combination group had the lowest VAS compared to other groups. When compared to placebo the combination group had significantly lower VAS during the first 12 hours (p < 0.001).
The combination group (LG) was also superior to lidocaine (L) group with significant lower VAS at (0 and 6 hours) (p < 0.001, while p < 0.05 at 2 hours).
Similarly, a significant difference was seen between (LG) group and (G) group (p < 0.01 at 0 hour) and p < 0.001 at 6 hours) Figure 2 ).
On comparing group (G) with the placebo group (P), postoperative VAS had
significantly lower values in group (G) (p < 0.01 at 0 hour and p < 0.001 at 2,6 hours and p < 0.05 at 12 hours). There was significantly lower VAS in group G when compared to L group only at 6 hours (p < 0.05).
On comparing group (L) with placebo group (P) visual analogue scale was significantly lower in group (L) at 0 and 2 hours (P < 0.01 and P < 0.001 respectively). LG) group = Lidocaine-Gabapentin group; a: significant difference compared to group L (p < 0.01 at 0hour and p < 0.001 at 2 hour in group P compared to group L); b: significant difference compared to group G: (in group P compared to group Gp < 0.01 at 0 hour and p < 0.001 at 2, 6 hours and p < 0.05 at 12 hours); (in group L compared to group G p < 0.05 at 6 hour); c: significant difference compared to group LG: (in group P compared to group LG p < 0.001 at 0, 2 6, 12 hours); :(in group L compared to group LG p < 0.001 at 0, 6 hours and p < 0.05 at 2 hours); (in group G compared to group LG p < 0.01 at 0hour,and p < 0.001 at 6 hours).
Regarding the sedation score, there were no statistically significant differences between all groups ( Figure 3 ).
There was a higher incidence of postoperative nausea and vomiting in group (P) with statistically significant difference between P group and G and LG groups (p < 0.01) ( Table 5) .
Other complication did not show significant difference between all groups (P > 0.05 for all) as shown in Table 5 . No patient had any respiratory complication during the postoperative period.
There were no complaints related to lidocaine toxicity in L and LG groups.
Discussion
The results of this study detected that the group received a combination of preoperative oral gabapentin and intraoperative IV lidocaine infusion had the lowest postoperative tramadol consumption and the longest time period before the first request for postoperative analgesia. It also showed lower VAS pain scores, lower intraoperative fentanyl consumption and lower incidence of postoperative nausea and vomiting. Both IV lidocaine infusion group and oral gabapentin group had a superior analgesic effect compared to the placebo group.
There was a significant reduction of postoperative nausea and vomiting in the gabapentin and the combination groups than the placebo group. Data are numbers or %; (P) group = Placebo group, (L) group = Lidocaine group, (G) group = Gabapentin group, (LG) group = Lidocaine-Gabapentin group; b: significant difference compared to group G (p < 0.01); c: significant difference compared to group LG (p < 0.01).
Although both IV lidocaine infusion [13] lower VAS values and reduced postoperative analgesic consumption, but some studies and meta-analyses showed contrasting results regarding the analgesic effect of lidocaine [25] and gabapentin due to differences in used doses and used regimens or time of application [21] - [27] with the need of more researches to specify the actual value of both drugs for providing sufficient analgesia in various surgical procedures.
In the current study lidocaine was found to improve post-operative analgesia only in the early postoperative period and decreased postoperative tramadol [14] where IV lidocaine (1.5 mg/kg) was administered, followed by continuous lidocaine infusion (2 mg/kg/h) throughout surgery in patients undergoing laparoscopic cholecystectomy, the lidocaine group had lower postoperative fentanyl consumption compared to the control group (P = 0.018), with reduction of the amount of desflurane required (P = 0.012). The analgesic effect of IV lidocaine was also proved by the study of Koppert et al. [26] where a group of 20 patients undergoing major abdominal surgery received lidocaine bolus dose (1.5 mg/kg) in 10 min, then intraoperative IV infusion of lidocaine (1.5 mg/kg/h)and another group (20 patients) received saline placebo. Lidocaine group reported less pain during movement and less postoperative morphine requirement (P < 0.05). Also, Wu CT et al. detected a significant higher analgesic effect of IV lidocaine compared to control group in patients undergoing laparoscopic cholecystectomy with significant lower VAS and total meperidine consumption [28] .
The study of Kaba et al. [29] The results of the current study correlate with those of the previous study done by Farag et al. [30] where patients received IV lidocaine infusion (2 mg·kg·h) or IV placebo infusion during complex spine surgery, with continuation of infusion in the post anesthesia care unit, the lidocaine group had significantly lower pain scores (P < 0.001), also, lidocaine infusion decreased postoperative opioid consumption by approximately 25%.
On the contrary to the current study, lidocaine has not proven as an effective analgesic in previous studies showing no reduction in pain scores or opioid consumption in various surgical procedures as found in the study of Martin et al. [31] on patients undergoing total hip arthroplasty where the patients of lidocaine group received lidocaine bolus 1.5 mg/kg followed by 1.5 mg·kg·h IV infusion while the control group received normal saline, they found no analgesic benefit or opioid sparing effect of IV lidocaine. Also, De Oliveira and co-authors The lack of analgesic effect of IV lidocaine infusion was also detected in other studies [33] [34] [35] , the discrepancy between these results and the current study may be due to the differences in the infused doses of lidocaine or different timing of administration and different types and regions of surgery which may affect the patterns of peripheral and central sensitization. Another explanation of these contrasting results may be related to the individual variation in pain thresholds and the response of different groups of patients to different analgesic drugs.
In the current study, gabapentin was found to improve post-operative analgesia with significantly lower pain scores, lower intraoperative and postoperative analgesic consumption, with prolonged time of first analgesic request (if compared to placebo group). These findings were consistent with the previous studies on adult patients undergoing tonsillectomy, where patients who received gabapentin (1200 mg or 600 mg) showed reduction of the amount of analgesics used in the first 24 h after surgery [36] [37].
The analgesic effect of gabapentin was detected in the study of Sen et al. [38] in patients undergoing abdominal hysterectomy, which compared the effect of gabapentin 1200 mg to ketamine group which ingested oral placebo capsules, then IV bolus of ketamine 0.3 mg/kg before incision then 0.05 mg/kg/hour IV infusion of ketamine until the end of operation; they detected that group received gabapentin had significantly lower pain scores compared to ketamine and control groups with significant decreased opioid requirement in gabapentin and ketamine groups compared to control group (P < 0.001).
The results of the current study are in concordance with the results of the study conducted by Al-Mujadi et al. [24] which compared gabapentin 1200 mg to oral placebo in patients undergoing thyroidectomy and they detected significantly lower pain scores at rest and during swallowing with significantly lower postoperative morphine consumption (P < 0.001) in the gabapentin group.
The results of the current study were also in agreement with many previous studies carried out to evaluate the effect of preoperative gabapentin in many surgical procedures including hysterectomy [39] . cholecystectomy [40] , caesarean delivery [41] and orthopedic procedures [42] [43] they all proved that gabapentin significantly decreased the acute postoperative pain scores and opioid requirements.
On the other hand, the results of the present study were in contrast to Bartholdy et al. study [44] which revealed that oral gabapentin 1200 mg given preoperatively in laparoscopic sterilization had no significant reduction in pain score as compared to placebo. It may be explained by the short preoperative time of giving oral gabapentin (30 min before surgery) while it reaches peak plasma concentration within 2 -3 h. Also, on the contrary to the current study, Short et al. [45] did not find any [46] . In the current study, the incidence of nausea and vomiting were significantly lower in both gabapentin group and combination groups compared to placebo group, but no significant difference was found in lidocaine group if compared to placebo. These results were in accordance with previous studies using perioperative IV lidocaine during surgery with no effect on PONV [14] [30], while in other studies lidocaine could reduce nausea and vomiting, this may be mediated by a reduction in ileus as most of these studies were conducted in abdominal surgery [25] .
Previous studies detected a lower incidence of PONV with preoperative gabapentin [47] [48] and this was in accordance with the current study. The definite mechanism to reduce nausea and vomiting with gabapentin is not yet known, but it may be related to the anxiolytic effect of gabapentin together with lower postoperative opioid consumption.
On the contrary, no significant difference in the incidence of PONV was noticed in Turan study evaluating the analgesic effects of gabapentin 1200 mg given 1 hour before total abdominal hysterectomy [39] .
The current study showed comparable postoperative sedation level between all groups, which was in accordance with many previous studies [39] [41] [45] .
In contrast to our study, the previous study of Ghai et al. [49] comparing between three groups of patients undergoing abdominal hysterectomy where the Patients received either 300 mg pregabalin, or gabapentin capsules 900 mg or placebo capsules given at 1 -2 hours before surgery, patients of gabapentin and pregabalin groups had significantly higher sedation scores compared to placebo group (P < 0.001).
This contradictory in results of postoperative sedation may be related to different doses of gabapentin used in different procedures as using higher or repeated doses commonly increase postoperative sedation as reported in previous meta-analysis studies, also the use of different scores for assessment of sedation may cause these contradictory in results [21] [22].
The other adverse effect related to gabapentin (dizziness and headache) were comparable to other groups in the current study, which correlates with the results of previous meta-analysis studies concluded that gabapentin considered to have an optimum postoperative analgesic effect with the lowest incidence of adverse effects when used in the dose of 600 -800 mg [21] [22].
The current study had some limitations, one of them is lack of measuring the plasma lidocaine level. but the administered dose of lidocaine was smaller with Both intravenous lidocaine and oral gabapentin may be considered as safe, inexpensive non-opioid analgesics helping to improve the quality of postoperative analgesia. More studies are needed to confirm these results in various types of surgery. Moreover, the effective safe dose of each drug, the onset time and duration of analgesia need more clinical studies to be conducted with larger sample size.
Conclusion
Administration of intravenous lidocaine infusion or oral gabapentin had a significant postoperative analgesic effect in patients undergoing thyroid surgery.
The combination of preoperative gabapentin and intraoperative IV lidocaine infusion was more effective than either drug alone with lower postoperative analgesic requirements, more prolonged time of first postoperative analgesic request and lower VAS. There was significantly lower incidence of PONV in the groups received gabapentin.
